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 5 
ƅ 1Ƅ ƝǄ 
 
1.1. `9;UbqMf 
 
1.1.1. `9;UbqMf&25Űì 
 `9;UbqMf( 700 ƀ{'Ýł%ĿŞ&čĸ5ĨƳäČĿŞŰ²ƔƯ'yƥ
"5 (Bertaccini, 2007; Oshima et al., 2013; Maejima et al., 2014)	`9;UbqMf'čĸ
&24ĿŞ&(ł%Űĉũ5	ĿŞ'ưƠwǼ®1ƓƬ&ÛƬ5]xbsU
Qbķň%$'śǌŰĉ&«
!óę4%ĶƱðǫ!ųũ5ßšúűŠ
ƭÈé'Ʊ®1Ɯ®ƭÈé3*ĻǸďǠÈéũ5Ƃē%$'nXxB%ô
ǗŰĉŻ36!5 (Ì 1.1)	`9;UbqMf(ǒŞ&0ÿčĸ5/ǒŀũ
Ū{Þ%Ʒì8´,!5	Í"(1960 þ&`9;UbqMf&25ǼưŰ
Í';YĽÔǰƁ' 10-50%"ųũŖ©%ŗµ803 (óľ1966; |÷wĺ
İ1966; ǻù1967)	-1950þ3 1960þ&!ßšúŰŧťǅù'H
Rf;jĽÔ"Çǳ#%4ǷƏǬ'²É#% (ŷwźĻǚ1968; ĤŔ1964)	Ŕ
Ü"(pxtQ]'rvGũŪ&!2001þ&V;R" 3,100znxt (Ƒ 28)
;Or:" 1nxt (Ƒ 110) 'ĝá803 (Strauss, 2009)	-FFlJ
ũŪ&!(`9;UbqMf&25 lethal yellowingŰ:`r>ƌĳ°:K:
8Ċ&Çǳ#%!4 (Gurr et al., 2016)OvIX:°Ǘ"( 1965 þǦ' 30 þǣ
"ĽÔ6!5FFlJ'Ƒ 56%ķň#ÖÃ6!5 (Mpunami et al., 1999)	 
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(a. Harrison & Elliott, 2008; b. Bertaccini & Duduk, 2009; c-e. Maejima et al., 2014) 
 1.1 ')	
:$+0& 
a. Ǽ®ķňűŠ8Â5FFlJ	b. ưƠ]xbsUQbűŠ8Â5aV<	c. ưƠ
¶ũűŠ8Â5@r	d. ưƠ¶ũűŠ8Â5WRi (û)	e. Ʊ®űŠ8Â5:KH
; (¹)	 
 7 
 `9;UbqMf'ƔƧ(ƔƧÚ8ĘƔƧƪ'.&­-6 0.08-0.8 µm'}êą
"5	ĿŞ"(ƋƇƔƧƋǗƔƧƋǗĹƔƧ&ôÏ5 (Îõ31967; Oshima 
et al., 2013; Ì 1.2)	pF\;<v>@KqgƆ'>ihJŸĨƳ&24Ğ6ĿŞ
+'čĸ8ĖÞ5 (Weintraub & Beanland, 2006)	`9;UbqMf(ĨƳ'"0
Ùŉ5#¸ƨ"46&2!`9;UbqMfčĸĨƳ(ŌƘŶ&`9;U
bqMf8Ğ5 (Christensen et al., 2005; Ì 1.3)	ĨƳ8%`9;UbqMf'
Ğłā#!(` 9;UbqMf&čĸïũĿŞYWJ>Mq (Cascuta spp.; ^s
?=ſYWJ>Mqö) ĿŞĿŞ&ïũ5#&25Ğ1ĚĮƆ'ĻǸơŉ
&25ĞŻ36!5 (Kaminska & Korbin, 1999)	 
  
(Oshima et al., 2013) 
 1.2 =">%<2 
`9;UbqMfčĸĿŞ'ƋǗƕƢ3Ƹ¢ŝ'ǭåǴĈǟź	ƋǗƔƧ&`
9;UbqMf'ƔƧƼñ6!5	 
 8 
 
  
(Oshima et al., 2011) 
 1.3 /-. 
`9;UbqMfčĸĿŞ8äĨƳÁō5#`9;UbqMf(Ƴ&Ù
ŉ5	`9;UbqMf(äĨƳ'ÆƩƔƧ&ǕäĨƳ%îĿŞ8Áō
5#`9;UbqMf(Æŕ##0&ĿŞ'ƋǗƔƧ&ĿŞ&čĸ5	 
 9 
 `9;UbqMf&ò!(6-"&SUqH;BrvƐĒũŞǉ8Ŧ5#
"'űŠ8ǎŗ"5#ÖÃ6!5 (żí31967)	%3Ŧ8ņ
/5#ųŰ5	6-"&`9;UbqMfŰ'őŲƲª(ëū®6!3ǥǨ
(äĨƳ'ǹǨ&Þǲ!5ũĎƐ+'ǈƮÞ{&ǹǨƉËÜ3Ƕ
Ĳ5ĨƳ&25ä8ǥ#(ÊǬ"5/24şůŶ%ǥǨŒ'ŁƊŎ/3
6!5 (Bertaccini & Duduk, 2009)	 
 
1.1.2. `9;UbqMf'¡ǵ 
 `9;UbqMf&250'#Ʀ
365ŰìÖÃ(·3çÏħİ"(ŏĐĪ
&BuưƠŰųũ! (âŬ1972)'Ű²(Ǡ3}ĩ"4<;sLŰ
"5#Ʀ
36!	1967 þ&Îõ3(ǭåǴĈǟƼñ&2!ưƠűŠ8Â5
Bu1ßšúűŠ8Â5Kk?;jdPmX:@r'ƋǗƕƢ&1¬Ş%$'Ű
²"5f;FbqMf#ǵƍå8ƻ f;FbqMfłĈũŞ (mycoplasma-
like organisms; MLO; ŤÏ'`9;UbqMf) #!ÖÃ (Îõ31967)	'Ć
~ŭ»Ð"½ł'ëǺƴ766-"²É}ĩ'<;sLŰ#6!Űĉ8Â
5ĿŞ'ƋǗƕƢ&! MLO 'ƍåƼñ6/Ĥ%ĿŞŰ²#! MLO
'çÏ~ŭŶ&ǁŻ652	&%	 
 `9;UbqMf(ÔǸÊǬ"5#3MLO#!ųƻ6!ǦǓþ&ƫ5
-"Űĉ1îƉË&Õ !¡ǵƴ76! (âŬ1972)	'Ɩĵ1980 þ
Ć¯-"& MLO (~ŭ"ĠŵƐƗÖÃ6ħİÍ&ǧ!0 63 ƐƗ' MLO Ö
Ã6 (ø1987)	1990þ&%5#16S rRNAǖå' PCR&25şůŶÙüđƵ
#'ØÕǘ£ƽĴđƵŽƃ6MLO '¡åƐƗèŶƽĴ¸ƨ#% (Namba 
 10 
et al., 1993a)	'ƖĵMLO(f;FbqMföƔƯ&ǓƟ"50''Ţƃ±Ɛ
Ɨƥ8ąď5#ĩ3#%4 (Namba et al., 1993b; Tully et al., 1993)MLO(`9
;UbqMf (phytoplasma)#Å)65#&%4 (International Committee on Systematic 
Bacteriology Subcommittee on Taxonomy of Mollicutes, 1993)'ĆīêŶ%¡ǵƥ`9
;UbqMfö  [‘Candidatus (Ca.) Phytoplasma’] #!¡ǵ6  (The IRPCM 
Phytoplasma/Spiroplasma Working Team – Phytoplasma Taxonomy Group, 2004)	 
 `9;UbqMfö(źŇƔƯ'" Firmicutes ǡ Mollicutes ƙ&¡ǵ6!5 (Ì
1.4)	`9;UbqMfö"(6-"&Ƒ 40 'īêƀÖÃ6!4 (Kube et al., 
2012)ħİÍ"( 9 ƀŽǁ6!5 (Maejima et al., 2014; Ì 1.5)	»īêƀ(
International Journal of Systemic and Evolutionary Microbiology (IJSEM) +'Ĝǐ&24ǁ/3
6'ǩ&(³Ʀļ (reference strain) ê/365	Ĥ%īêƀ#!ǁ/365ÕŚ
(16S rRNAǖå' 1,200ØÕ{'ǘ£Ħç'6'³Ʀļ'ǘ£#0ǘ£½
yČ 97.5%įř"5×¼1îƉËäĨƳŰ²Č%$Þů%5×¼"
5 (The IRPCM Phytoplasma/Spiroplasma Working Team – Phytoplasma Taxonomy Group, 2004)	 
 `9;UbqMf'¡ǵ"({ƾ 16S rRNA ǖå'ǘ£&Õ ¡ǵƐ'&
16S rRNAǖå'¨ǧǙƒ¢ģģŝÝą (restriction fragment length polymorphism; RFLP) &
Õ ¡ǵĥŒ (Lee et al., 1998; Zhao et al., 2009; Dickinson et al., 2013) 1'[<L@x
_vCǖå'ØÕǘ£8ū¡ǵĥŒ (Kamla et al., 1996; Falah & Gupta, 1997; Martini et 
al., 2007; Hodgetts et al., 2008) ÖÃ6!566`9;UbqMf8Þ-&
5(ǀƔ&¥¦5/'ĥŒ"460Ňā&ǁ/36¡ǵÕŚ"(%	 
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(Oshima et al., 2013) 
 1.4 "34#15 
GenBank TxOcxL&ŴǞ6ƔƯ' 16S rRNA ǖåǘ£&Õ ǓǪƖ¼Œ8ū
!ď6ƐƗŃ	:<UCsxb#! Chlamydia trachomatis ū36!5	`
9;UbqMf(f;FbqMf#ǓƟ" Firmicutesǡ Mollicutesƙ&ö5	 
 12 
  
(Maejima et al., 2014) 
 1.5 "34, 
16S rRNAǖåǘ£&Õ ǓǪƖ¼Œ8ū!ď6ƐƗŃ	:<UCsxb&(
Acholeplasma laidlawiiū36!5	ū 16S rRNA ' GenBank TxOcxL&
5:BNQJovŮº(ƀ¾'Ć'ėă&ž6!5	ƐƗŃ'Ķ{&Ĭ6Ġ(
axULUqQb8ž80%{'axULUqQbž6!5	àæ"ž6
`9;UbqMf(ħİÍ"ųũÖÃ6!5`9;UbqMf8ž	 
 13 
1.1.3. `9;UbqMf'EZhƽĴ 
 `9;UbqMf"(OfYAưǼŰ`9;UbqMf (onion yellows phytoplasma; ‘Ca. 
P. asteris’ OYƐƗ; OY`9;UbqMf; Øƻ31998) 'ĄŊļ OY-M (Oshima et al., 2001) 
"¤/!EZhƽǂƴ76 (Oshima et al., 2004; ƶ 1.1;Ì 1.6)	OY-M (ǠƑ 860 
kbp 'ŨŠĸƬ&«
2 'bqLgV8ĭ!5 (Nishigawa et al., 2001, 2002a, 
2002b)	ĸƬ' GC Àǜ( 28%"4' Mollicutes ƙƔƯ½ł& (Oshima et al., 
2004)	ĸƬ{&( 754' open reading frame (ORF) çÏ257('ũŞ"ĦŻ
'ǖå#Ź½Čǁ/36%ńƨįŻ'ǖå"5 (Oshima et al., 2004; ƶ 1.1)	 
 
 
8 1.1 OY-M*( (Oshima et al., 20046() 
 
ĸƬ 
bqLgV 
EcOYM pOYM 
ØÕǠ (bp) 860,631 5,025 3,932 
GCÀǜ (%) 28 25 24 
Ov]BǉFxVǱÓ (%) 73 71 75 
Ov]BǉFxVǖåĠ 754 6 5 
 ĦŻǖå#Ź½Č5ǖåĠ 446 2 2 
 `9;UbqMf"ç6!5ńƨįŻǖåĠ 51 0 0 
 ńƨįŻǖåĠ 257 4 3 
Ov]BǉFxVǖå'ýÑǠ (bp) 785 597 588 
tRNAĠ 32 0 0 
rRNA=dtvĠ 2 0 0 
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(Oshima et al., 2004) 
 1.6 OY-M)7!  
ÜÄ'Ġæ( OY-M EZh'ǋŜ8ÕŚ&ØÕ'ƣ (kbp) 8ž	Ü244 '
Ä(Ov]BǉFxVǖå8žÜÄ3+ĥ¿-ĥ¿+ĥ¿'Ǜƹǖå-ĥ¿'
Ǜƹǖå8ž	ǖå'Ƭ(Ì'|Ǘ&ž6ǖå'Řńƨ#'¡ǵ&òċ
5	5 Ÿ'Ä( GC-skew [(G-C)/(G+C)] 8ž	6 Ÿ'Ä( GC Àǜ8ž	7 2
* 8Ÿ'Ä( tRNA (ǮƬ) 2* rRNA (ǊƬ) 8ž6Ÿ'Ä+ĥ¿7Ÿ'
Ä-ĥ¿&FxV6!5#8ž	 
 15 
 `9;UbqMf"( OY-M'&‘Ca. P. asteris’ AYWBƐƗ (Bai et al., 2006)‘Ca. P. 
australiense’ PAaƐƗ (Tran-Nguyen et al., 2008) 2* SLYƐƗ (Andersen et al., 2013)‘Ca. 
P. mali’ ATƐƗ (Kube et al., 2008) "EZhÖÃ6!5 (ƶ 1.2)	-63'
&0Ǔþ"(Ņ~JxDvHx8§ū!Vq`UEZhǘ£ƹĠÖÃ6!5 
(Carle et al., 2011; Saccardo et al., 2012; Chung et al., 2013; Mitrović et al., 2014; Chen et al., 2014; 
Kakizawa et al., 2014; Pacifico et al., 2015; Quaglino et al., 2015; Lee, et al., 2015; Chang et al., 
2015; Fischer et al., 2016; Zamorano & Fiore, 2016; ƶ 1.3)	 
 
 
 
 
8 1.2  9; (Andersen et al., 20136() 
ƀ ‘Ca. P. asteris’  ‘Ca. P. australiense’  ‘Ca. P. mali’ 
ƐƗ OY-M AYWB  PAa SLY  AT 
ĸƬ'Łď ŨŠ ŨŠ  ŨŠ ŨŠ  ƞą 
ØÕǠ (bp) 860,631 706,569  879,324 959,779  601,943 
GCÀǜ (%) 27.8 26.9  27.4 27  21.4 
ǖåĠ 754 671  686 1126  481 
tRNAĠ 32 31  35 35  32 
rRNA=dtvĠ 2 2  2 2  2 
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1.2. Ul~| 
 
1.2.1. UlX~| 
 UlX56M=. (2 α2@I:78β2@I:78β'2@
I:78ω2@I:78) 
$& RNACKGJN5 (RNA polymerase; RNAP) 1+
3/Dcl
$& RNAPBL#%('& (Ishihama, 2000)	RNAPBL
0;FPnALHN6NZ_QXk#%mRNA 
_t('& (e 1.7)	0;FRNAP 1+)|t&^cl 1 ¡
3/Dclx¡1N9'& (Ghosh et al., 2010)	3/Dcl&ALH
N6NZ3/Dcl#%3/Dcl)WY&}
UlX)& (Jishage et al., 1996; Aramaki & Fujita, 1999)	 
  
 1.7 	
  
RNAP1+3/Dcl
$& RNAP BL0;FPnALHN6NZ
_&QXk
$ mRNA_t'&	 
  18 
1.2.2. Ul\pcl 
 adgh]r&!}Ul\pcl#%Ul
)h]& (Kazmierczak et al., 2005)	Ul\pclO3
/Dclw$'&	ix3/Dcl){	%gr3/D
cl)WY&Ul)h]& (Jishage et al., 1996; Aramaki & Fujita, 
1999; Mittenhuber, 2002)	3/Dcl+E;Z¡Vs#%3/D 70?*EKN
3/D 54?*EKNj['& (Wösten, 1998)	3/D 70?*EKNo&3/D
clZ~#$ 3 j['bvq<,4-N>
M/Ul\pR&S3/Dcl (primary sigma factor)m
q "S3/DclZ`Os¢q S3/Dcl}3/D
cl (nonessential primary-like sigma factor)gh]rUlh])uT
z3/Dcl (alternative sigma factor) mf& (Wösten, 1998;  1.4)	Oy3/D
54 ?*EKNo&3/Dcl Tz3/Dcl~& (Wösten, 1998; 
 1.5)	 
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